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Gas-Liquid Chromatrographic Methods In Measure-
ment of Inorganic Mercury and Organomercurials
in Various Media. PAUL MUSHAK, Department
of Pathology, School of Medicine, Chapel Hill,
North Carolina 2 7514.
Quantitative evaluation procedures for the in-

organic and organic mercury content of water and
biological samples by use of gas-liquid chromato-
graphy have been developed and will be described.
The chemical basis for the analytical approach resides
in the ability of a variety of organometallic and
nonmetallic reagents to convert inorganic mercury to
an organomercurial under differing experimental con-
ditions. Evaluation of mercury involves use of the
GLC techniques of Westoo and others for organomer-
curials. Sequentially or simultaneously, inorganic
mercury is determined along with and distinct from
the codetermined organomercurials present in the
sample. Biological media investigated include whole
blood, serum, urine, whole tissue homogenates, and
tissue fractions. Reagents affording good results in
this technique include a-bonded alkylcobalt and
alkyltin compounds as well as perhalobenzene-
sulfinate salts. Lower detection limits with the alkyl
cobalt and alkyl tin compounds are 10 and 30 ng
mercury/ml of media, respectively, while the use of
perfluorobbenzenesulfinate furnishes a corresponding
value of 20 ng. Best procedural recoveries of added
inorganic mercury are achieved with the alkylcobalt
system followed by perfluorobenzenesulfinate (re-
covery range for methyl cobalt: 68.8-81.4%,
perfluorobenzenesulfinate: 51.0-81.4%). Lowest re-

Neutron Activation Analysis Applications To Biologi-
cal Studies Involving Heavy Metals. JACK N.
WEAVER, Nuclear Engineering Department,
North Caroliia State University, Raleigh, North
Carolina 27607.

Environmental pollution in recent years and its
effect on all living things has promoted considerable
new interest on the part of the analytical com-
munity to develop highly sensitive analytical
methods for heavy metals. This paper deals with the
effort made by the Nuclear Engineering Depart-
ment, North Carolina State University to develop
modern, rapid, instrumental techniques of neutron
activation analysis (NAA) for environmental and
biological matrices. The capabilities of the NAA
Laboratory have recently been greatly enhanced by
the completion of the new high-flux PULSTAR
nuclear reactor facility which offers broad analytical
and other nuclear services to State and Federal
agencies, institutions, and to industry. The emphasis
of this paper is on the analytical capabilities of the
NAA Laboratory which centers around the use of
the new Low Energy Photon Detector (LEPD) to
measure the x-rays released from heavy metals in
irradiated biological tissues and fluids. Biological ap-
plications discussed are NAA of Hg, Se, As, Cd, Mn,
Zn, and Co in water, soils, plant tissue, blood,
urine, and muscle, heart, liver, and kidney tissues.
Briefs are presented of Hg analyses of wildlife in the
Cape Fear River Basin, methylmercury studies in
research animals, Hg analysis of cotton seeds and
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bolls, cobalt studies in research animals, arsenic
studies in research animals, Hg, Zn, Cd, and Cr
analyses of soils, analysis of Hg and Se in coal, and
Hg analyses of human blood. Typically in blood,
lower detection limits for Hg appear around 50 ng,
for biological tissues from 30 to 50 ng, and in soils
100 ng. Selenium can be detected as low as 100 ng
in blood and approximately 30 ng in tissues. Sensi-
tivity for cadmium in biological specimens is around
750 ng and 10 ng for cobalt. Precision for Hg and
Se is ± 15% at 50 ng and ± 5% at 1 ppm. Cd
precision at 1 ppm is ± 10% and cobalt at 100 ppb
is ± 5%.

Status of Research and Development in Measurement
Technology of Hazardous Substances in Emissions
from Stationary Sources. R. L. BENNETT, Sta-
tionary Sources Emission Measurement Section,
U S. Environmental Protection Agency, NERC,
CPL, Research Triangle Park, North Carolina
27711.
The Clean Air Act of 1970 provides that EPA

designate substances for which national emission
standards for hazardous air pollutants be set. The
initial list included asbestos, beryllium and mercury.
Future designations may be selected from such
elements as Cd, Pb, Ni, Mn, Cr, V, As, Cu, Se, Ba,
and Ag. Reliable methods are required well in ad-
vance of proposing standards so that time is avail-
able to conduct emission tests to determine whether
standards will be proposed and which sources will
be affected. Compliance sampling methods and
monitoring instrumentation will be needed to
demonstrate effective emission control. A program
for developing research and compliance sampling
methods and instrumentation for monitoring these
emissions is now underway. Under contract, A. D.
Little Company of Boston is developing a high-
purity high-temperature filter for source sampling
and atomic absorption analyses. Filters made of
high purity (99.2%) quartz fiber material have been
hand-fabricated. The filter fabrication involves a
treatment procedure that gives it excellent strength
characteristics. Testing for possible background in-
terferences has shown that contamination is below
the detectable limits of atomic absorption analyses
for all elements except iron. A contracted project at
Walden Research Corporation aims to develop and
evaluate mercury measurements systems capable of
monitoring total (particulate, organic, and ele-
mental) mercury emissions from stationary sources.
The contractor has procured commercially available
instruments produced by Olin, Geomet, DuPont,
Research Appliance Co., and Sunshine. A mercury
standard generating system has been assembled and
checked out. A pyrolyzer to interface with the
instruments has been assembled to check stability of
organic compounds and mercuric chloride. Investiga-

tions will include sample pretreatment, removal of
S02, conversion of nonelemental to elemental
mercury, and removal of interfering compounds.
Monsanto Research Corporation has completed a
review and an instrumental development study on
methods for measuring specific particulate sub-
stances, including Be and Cd in stationary source
emissions. Two test versions of a Be/Cd monitor
were developed. These consisted of a relatively
simple gyrating monochromator and optoelectronic
detection system coupled with two types of excita-
tion sources, an ac arc discharge system and a radio-
frequency generator. The measurement is based on
the spectroscopic analysis of the arc and plasmas
formed by the excitation sources. Laboratory and
field studies were conducted on the ac arc system
and a laboratory study was conducted on the radio-
frequency system. Briefing documents describing
technology of continuous measurement of trace
metals, including beryllium, cadmium, mercury,
lead, arsenic, antimony, barium, boron, chromium,
copper, manganese, nickel, and vanadium have been
prepared. The X-Ray Optics Branch of the Naval
Research Laboratory has been carrying out an ex-
periemental study to evaluate and develop x-ray
fluorescence (XRF) spectroscopy as a method of
routine multi-elemental analysis of airborne particu-
late pollutants in the atmosphere and in source
emissions. Two phases of the study are now com-
plete and a third phase has recently begun. They are
as follows: Phase I: basic study and optimization of
XRF procedures for particulate analysis; Phase II:
evaluation of newest commercial (automatic multi-
channel) XRF equipment; Phase III: development of
a low-cost, compact, XRF spectrometer for on-site
measurement. Detectable limits and sensitivities for
about 20 elements of interest were established,
available filter materials for use as substrates were
compared, optimal procedures for specimen hand-
ling were developed, various methods of sample ex-
citation (x-ray tubes, fluorescers, radioisotopes, and
high-energy ions) and spectral analysis (crystal spec-
trometers and energy-dispersive detectors) were
compared, and comparisons were also made with
other instrumental methods using source and atmos-
pheric samples. This study showed that typical air-
borne particulate samples contain many elements at
widely different concentrations and require ele-
mental analysis in the presence of significant inter-
ferences from neighboring elements. This requires
crystal (wavelength) spectrometers for best resolu-
tion and the ability to separate most of the lines
from possible interferences, and x-ray tubes for the
most uniform excitation over a wide range of
atomic numbers. The approach recommended for
large-scale routine analyses of such samples for a
dozen or more elements is the use of multichannel
wavelength spectrometers. A systematic evaluation
of four such instruments now commercially avail-
able showed these to be capable of quantitative
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analysis of between 14 and 24 elements in a sample,
during a single time interval of 100 secs, with more
than adequate detectability for currently projected
needs.

The Development of a Sensitive Probe for Observing
Elemental Constituents in Plant and Animal
Tissue, Filters, Blood and Urine. RICHARD L.
WALTER and ROBERT D. WILLIS, Department
of Physics, Duke University and Triangle Uni-
versities Nuclear Laboratory, Durham, North
Carolina and WILLIAM F. GUTKNECK, Depart-
ment of Chemistry, Duke University and JAMES
M. JOYCE, Department of Physics, East Carolina
University and- TUNL.
The development of a means for rapid and

economical determination of the elemental composi-
tion of thin sections or small amounts of material
deposited on thin substrates is described. Sample
preparation and handling is minimal. Detection of
elements heavier than chlorine (A= 17) is made
simultaneously by observing characteristic x-rays pro-
duced in the sample during irradiation by a 3-MeV
proton beam. Sensitivity of the method currently
approaches 20 ppb for a deposit from 50 Ml of water.
Levels close to 10-9 g of a trace element have been
detected. Preliminary runs have been conducted on a
wide range of samples: 40 Mum thick sections of
human tissue (heart, kidney, brain, etc.), dried blood
and urine, plant leaves, soil extracts, ion-exchange
membranes, insect wings, fuels and air filters from the
Environmental Protection Agency. The broad scope
of applications for the method to study the existence
of trace elements or their use as a research and/or
diagnostic tool appears unlimited.

Epidiology
Arterial Lead levels and Cardiac Death: A Hypothesis.

A. W. VOORS, M. S. SHUMAN, G. P. WOOD-
WARD, and P. N. GALLAGHER, Department of
Epidemidogy, University ofNorth Carolina School
of Public Health, Chapel Hill, North Carolina
27514.

In a North Carolina autopsy population of 82
noncancer deaths of which 79 yielded aortic data, the
lead levels in various organs of 29 heart-related deaths
were compared with those in 29 controls having died
from accident-, violence-, or alcohol-related causes
and in 21 deaths from other, natural causes. It was
found that for the aorta, lead levels were positively
correlated with degree of arteriosclerosis as indexed
by percentage ash per dry weight, after statistical
adjustment for age. This observation is compatible
with the suggestion that exposure to lead in the

presence of arteriosclerosis may result in the resorbed
lead behaving as a chemical congener of calcium, with
resulting deposits in the aorta. In addition, it was
found that the aortic lead level in heart-related
deaths was on the average higher than in the group in
which death was due to other natural causes. If aortic
lead level indicates coronary lead levels, this observa-
tion would suggest that coronary lead could result in
intensification of existing heart pathology. Such a
hypothesis would offer a parsimonious explanation
for the conflicting findings in i-ndustrial lead workers
as reported in the literature. It is implied that this
hypothesis needs to be tested by lead analysis of
Arteriosclerotic coronary arteries from lead-exposed
individuals.

Heavy Metals in the Environment: Some Epidemio-
logic Considerations. D. I. HAMMER, A. V.
COLUCCI, J. P. CREASON, and C. PINKERTON,
US. Environmental Protection Agency, NERC,
Research Triangle Park, North Carolina 2 7711.
Human pollutant burden research permits a broad

epidemiologic approach to environmental toxic
substance exposures. Human pollutant burdens in
workers and in the general population will be of
greatest utility as tools for the appraisal of multi-
media environmental problems related to metals,
pesticides, and synthetic organic compounds. Each of
us has multiple pollutant burdens and human tissues
are environmental dose integrators. Tissue banks
would permit both systematic bioenvironmental
flashback and predictive capabilities. The choice of
tissues to be sampled is a function of exposure,
pollutant, and population at risk. Accurate exposure
and personal covariate data should be obtained;
optimal methods for tissue sample collection, storage,
preparation, and analysis must be determined. Most
important, appropriate epidemiologic research models
must be formulated to quantitate the impact of
exposures involving multiple routes and to test
specific hypotheses relating pollutants to adverse
health effects. In estimating body burdens, distribu-
tion, storage, and excretion kinetics are generally
more complex than those of exposure and absorp-
tion. Tissue metal levels may be decreased or normal
as well as increased in relation to trace 'metal-related
diseases. Moreover, pollutant interactions are as likely
to be antagonistic or additive as synergistic. Co-
ordinated epidemiologic, clinical, and laboratory re-
search will be required if we are to utilize human
pollutant burden patterns as an index of environmen-
tal quality.

PaUology-Toxk logy
Formation of Intracellular Inclusion Bodies in Heavy

Metal Poisoning (Lead, Bismuth, and Gold).
ROBERT A. GOYER, Department of Pathology,
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School of Medicine, University of North
Carolina, Chapel Hill, North Carolina 27514.
Formation of insoluble, intracellular complexes or

inclusion bodies is characteristic of some forms of
heavy metal poisoning, particularly lead, bismuth,
and gold. These bodies occur in soft tissues or organs
which contain relatively high concentrations of metal
and are most common in organs responsible for
excretion of metal such as liver and kidney. Lead-
induced inclusion bodies occur in proximal renal
tubular lining cells in rats and contain 50/g lead/mg
protein, which is 70 to 100 times more concentrated
than lead within the whole kidney homogenate. The
inclusions contain traces of lipid and no RNA or
DNA. These findings, in addition to other studies
showing that lead impairs mitochondrial structure
and function in vivo, suggest that the intracellular
metal-protein complex formation may serve as a
mechanism for the transcellular transport or excre-
tion of lead. The nature of the protein forming the
nuclear inclusion body or metal protein complex is
unknown. The protein in the inclusion body is acidic,
rich in aspartic and glutamic acids, alanine, and
glycine. Molecular weight is still uncertain. The origin
of the protein is also unknown, but rapid induction
of inclusions by injections of lead salts in rats results
in cytoplasmic inclusions, suggesting that they may
form in the cytoplasm and enter the nucleus. Lead-
induced cytoplasmic inclusions also occur in young
puppies given relatively large doses of lead. It has not
been determined whether the protein for the metal
complex is an aggregate of a single protein moiety or
whether it is an aggregate or a mixture of chemically
similar acidic proteins. Bismuth intoxication results in
bismuth-acidic protein complexes in nuclei and
mitochondria resembling the lead-induced inclusions,
and an Italian study suggests zinc may form nuclear
inclusions. Gold forms inclusion bodies only in
mitochondria.

A Quantitative Morphologic Analysis of the Effect
of Lead Intoxication and Undernourishment on
the Postnatal Cortical Development of the Rat.
MARTIN R. KRIGMAN, Department of Pathol-
ogy, School of Medicine, University of North
Carolina, Chapel Hill, North Carolina 27514.
In earlier studies on lead intoxication and under-

nourishment in suckling rats, we noted significant
changes in brain growth which correlated with a
decreased content of brain lipids, particularly those
which are incorporated in neuronal membranes and in
myelin. In order to define further the effect of lead
intoxication and undernourishment on neuronal
development, additional studies were undertaken in
30-day-old Long-Evans rats. Lead intoxication was
produced by the method originally described by
Pentschew -and Garro: undernourishment by main-
taining large litters and regularly removing the mother

from the litter during the day. Comparable samples of
somatosensory neocortex of 30-day old control,
lead-intoxicated, and undernourished rats were pre-
pared for quantitative morphological analysis. The
brains were fixed by perfusion, and full thickness
slabs of cortex were cut perpendicular to the surface
and embedded in plastic. One-half micron "thick"
sections of the full cortical mantle were prepared for
light microscopy and the molecular layer (cortical
layer I) for electron microscopy. The neuronal
cytoarchitecture was comparably developed in the
control, lead-intoxicated, and undernourished groups.
However, in both experimental groups, the cortical
mantle was thinner, the neurons smaller, and the
neuropil less developed. The number of synapses per
neuron was also reduced in both experimental
groups. All of these changes were more marked in the
undernourished animals, and, in addition, the
synaptic terminals were also larger in the under-
nourished animals. The exposure of these levels of
lead during postnatal development of the nervous
system retards neuronal growth and minimally affects
maturation. Undernutrition, on the other hand,
markedly affects both neuronal growth and matura-
tion.

Effects of Metals on Viral Infections in Mice. J. H.
GAINER, National Institute of Environmental
Health Sciences, Research Triangle Park, North
Carolina 27709.
Arsenicals were reported to intensify the response

of mice to several viruses, and CoSO4 increased the
encephalomyocarditis virus (EMCV). Effects were
mediated in part through reduced interferon (IF)
activity. Other metallic salts were tested for their
effects on viruses. Cd, Cu, Fe, Hg, Ni, and Pb were
interacted with EMCV and, together with Co and As,
with the Rauscher leukemia virus (RLV) in CD-1
male mice. Metals were given in the drinking water
continuously beginning at 4 weeks of age. Initially
the maximum concentrations of the salt were used
that the mice could tolerate without dying or without
appreciable reduction in liquid consumption or in
growth rate. Mice were injected intraperitoneally (IP)
at 6 weeks with an LD1020 of EMCV or with 300
PFU of RLV. Cu (0.OO1M) and Fe (0.O1M) did not
affect EMCV or RLV. Cd (0.003M), Hg (0.0005M),
Ni (0.O1M), and Pb (0.1M) increased EMCV mortali-
ty, lead most significantly, increasing mortality
7-fold. HgCl2, also tested at 1 ppm (0.000005M),
significantly increased EMCV mortality. Co. (P=
0.02), Hg (P = 0.08), and Pb (P < 0.01) induced
spleens of RLV mice to 7-fold weight increases
relative to controls, the enlarged spleens containing
high titers of RLV. NaAsO2 (0.OO1M), Ni, and Cd did
not stimulate RLV, and roxarsone (0.OO1M) resulted
in a slight splenatrophy. RLV control spleens were
normal in size, indicating that the CD-1 mice were
resistant to the virus. Three different cell types have
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been shown in the intact mouse to produce cir-
culating IF, depending upon the inducer: (1) lympho-
cytes induced by the Newcastle disease virus (NDV),
(2) small macrophages induced by poly I:poly C, and
(3) other small macrophages different from (2)
induced by EMCV. Two of these methods with
modifications were used to test the metals. Mice were
exposed to the metal at 4 weeks of age; at 6 weeks
they were given minimal EMCV protective doses of
poly I:poly C or NDV IP followed 2 or 24 hr later
with an LD90 of EMCV IP. Data on all the "viral
reactive metals" are not yet complete, but As and Pb
and not Cd, Hg, or Ni inhibited the protective activity
of poly I:poly C for EMCV mortality, while Pb and
Ni but not As inhibited NDV's protection to EMCV
mortality. The data illustrate the complexities of the
interactions between metal poisonings and viral
infections. The studies with the different IF inducers
and the metals pinpoint with some precision specific
target areas of the body that may or may not be
influenced by a metal.

The Nature of Neural Damage in Methyimercury
Poisoning. G. G. SOMJEN, Department of
Physiology and Pharmacology, Duke University
Medical Center, Durham, North Carolina 27710,
S. P. HERMAN and R. KLEIN, National Insti-
tute of Environmental Health Sciences, Research
Triangle Park, North Carolina 27709, and M. R.
KRIGMAN, Department of Pathology, School of
Medicine, University of North Carolina, Chapel
Hill, North Carolina 27514.
Poisoning by methylmercury (Me-Hg) damages the

sensory neurons of the dorsal root ganglia of the
lumbosacral spinal segments earlier and more ser-
iously than other neural tissues. Consequently, the
first neurological disorders seen in rats during
subacute or chronic exposure to Me-Hg are ataxia,
hypotonia, and hypesthesia of the hindlimbs. Par-
esthesias are common in human victims of the
disease. Degeneration of peripheral sensory fibers
appears to be secondary to the loss of parent nerve
cell bodies in the spinal ganglia. Electrophysiological
investigation of rats in this stage of the disease reveals
that very few fibers conduct impulses from peripheral
nerve to dorsal roots; in those that do, the average
threshold of excitation is elevated and the conduction
velocity is too slow. The function of ventral roots is
almost normal. Surviving ganglion cells often generate
unusually prolonged and abnormally shaped action
potentials, indicating interference with the repolariza-
tion process. Membrane resistance, membrane poten-
tial, and rheobase of individual neurons displaying
such abnormal action potentials may be normal,
suggesting that the ion content is normal and the
resting membrane intact in neurons in this stage of
degeneration. Radioisotope (203 Hg) studies indicate
that dorsal root ganglion cell bodies accumulate
Me-Hg more avidly than do their axons or neurons in

the spinal cord. Dorsal roots, ventral roots, and
peripheral nerves were about equally poor in Hg. The
cerebral cortex and the cerebellum took up the
poison almost as fast as spinal ganglia. In general,
neurons contained more Hg than glia, satellite cells,
or Schwann cells.

The Ototoxicity of Methylmercury. S. A. FALK, R.
KLEIN, and G. M. SANDERS, National Institute
of Environmental Health Sciences, Research
Triangle Park, North Carolina 27709, and D. J.
LIM, Ohio State University Medical College,
Columbus. Ohio 43210a
To provide understanding of the etiology of

deafness associated with Minamata disease, a study
was undertaken to identify and evaluate the path-
ological effects of methylmercury hydroxide (MMH)
on the nervous tissue and sensory epithelium of the
inner ear. Young Hartley guinea pigs (250-500 g)
were treated with daily subcutaneous doses of 2 mg
Hg/kg body weight MMH for 1, 2, 4, 6, and 11 weeks.
Hearing was assessed by the Preyer reflex, and the
cochleas were examined by phase-contrast micro-
scopy and transmission and scanning electronmicro-
scopy. After 3 weeks of treatment, treated animals
gained weight less rapidly than did controls, and by
5 weeks some treated animals began to lose weight.
All animals had normal Preyer reflexes prior to
sacrifice. By the use of cochleographic reconstruc-
tions which recorded cell for cell pathology of
surface preparations of the organ of Corti, the outer
hair cells (OHC) were significantly damaged (P<
0.05) at the level of 2½h turns from the cochlear
base. Pathology also occurred at 3½h, llh, and 1h
turns from the cochlear base but was not signifi-
cant. Cellular pathology included derangement of
orderly pattern of stereocilia, cytoplasmic vesicula-
tion, and collapse of cell membranes. Study of the
stria vascularis, including chromophil, chromophobe,
and basal cells and capillaries, and of the auditory
nerve and its spiral ganglion did not reveal any
pathology. Thus, MMH exerts an ototoxic effect
directly on the OHC. This study is significant in
two ways. In affecting mainly the apical turns of
the cochlea, MMH is a unique ototoxic agent, since
aminoglycosidic antibiotics and ethacrynic acid
cause initial pathology in the basal turns.' Also the
sensorineural hearing loss occurring in Minamata
disease, which was presumed secondary to diffuse
CNS pathology, now can be considered secondary
to a primary cochlear lesion from organic
mercurials.

Vanadium: Cytotoxic Effects on Rabbit Alveolar
Macrophages in Vitro. M. D. WATERS, D. E.
GARDNER, and D. L. COFFIN, Pathobiology
Research Branch, Experimental Biology Labora-
tory, National Environmental Research Center,
Research Triangle Park, North Carolina. En-

June 1973 99



vironmental Protection Agency, Research Triangle
Park, North Carolina 27711.
Vanadium slowly accumulates in the human lung

in insoluble forms and is a pulmonary irritant in high
concentrations (> 50 ,ug/m3) in the air. Elevated
ambient levels (S 3 Mg/im3) in the urban Northeast
probably result from combustion of fuel oils of high
vanadium content. Studies were carried out in vitro
to evaluate the potential toxicity of vanadium oxides
to pulmonary alveolar macrophages (PAMs). Rabbit
PAMs obtained by lung lavage were exposed to
particulate forms of vanadium pentoxide (V205),
vanadium trioxide (V203), or vanadium dioxide
(VO2) over a concentration range of 0.1-100 Mig
V/ml of culture medium. Cell viability after a 20-hr
exposure was reduced by 50% at the following
approximate concentrations of vanadium: 13 ,ug/ml
as V205; 21 ,g/ml as V203; and 33 Mg/ml as V02.
In the PAM test system, toxicity was determined to
be directly related to solubility in the order V205>
V203 > V02 When V205 was dissolved in media
prior to exposure of cells, only about 5 - 6,Mg V/ml
was required to reduce viability by 50% in 20 hr.
Soluble V205 at 5 Mug V/ml also reduced phagocy-
tosis of polystyrene latex spheres by about 50% as
compared to controls after 20 hr. Total cell numbers
decreased by 80% in 20 hr in the presence of soluble
V205 at 10 Mig V/ml; cell numbers in control
cultures decreased by 25% over the same period of
time. Exposure of cells or cell-free sonicates to levels
of soluble V205 as high as 50 ,ug V/ml produced no
significant changes in the specific activities of
lysozyme or 3-glucuronidase. However, acid phos-
phatase activity in the cell free system was 70%
inhibited by soluble V205 at 1 Mig V/ml. These
findings suggest that exposure to vanadium oxides
may significantly alter alveolar macrophage function
and emphasize the need for continued research into
toxic effects of vanadium compounds, especially as
they may relate to pulmonary defense.

Methylmercury Intoxication: Early Functional and
Morphological Changes in the Rat Kidney R.
KLEIN, S. P. HERMAN, B. HENDERSON, D.
THOMAS, and B. C. BULLOCK, National In-
stitute of Environmental Health Sciences, Re-
search Triangle Park, North Carolina 27709.
The purpose of the study was to characterize the

early functional and structural changes in the kidneys
of rats treated with daily subcutaneous injections of 2
and 10 mg/kg of body weight of methylmercury
hydroxide for 5 days. The only clinical change was
weight loss in the group treated with 10 mg/kg of
body weight. No sign of central nervous system
damage and few changes in gross renal function were
observed. Focal necrosis of midcortical tubular
epithelial cells was found as early as day 6. These
lesions were consistent with the distribution of
mercury as demonstrated by autoradiography. The

most striking early ultrastructural change in the renal
proximal epithelium cells was swelling of mitochon-
dria. A rise in inorganic mercury in rat kidney, from
19.4 to 25.7 ig/g and 32.3 to 59.4,g/g wet kidney
weight was found in rats treated with 2 and 10 mg/kg
of body weight methylmercury hydroxide, respective-
ly, and was thought to represent the biotransforma-
tion of methylmercury to inorganic mercury in the
kidney as well as other organs. These studies identify
the kidneys as an early target organ in methylmer-
cury-intoxicated rats and suggest inorganic mercury
may cause part of the pathological changes observed.

Effect of Selenite on the Toxicity and Retention of
Dietary Methylmercury and Mercuric Chloride.
S. D. POTTER and G. MATRONE, Department
of Biochemistry, School of Agriculture and Life
Sciences, North Carolina State University,
Raleigh, North Carolina 27607
Weanling rats were fed purified diets containing

10, 20 or 40 ppm mercury as HgCl2, or 40, 200, or
400 ppm mercury as CH3HgCl, or a control diet.
Each diet, including the control, was fed with and
without 5 ppm Se as NaSeO3. In all cases, reduction
of growth rate by mercury toxicity was ameliorated
by the addition of selenite. This confirms the results
for rats and Japanese quail reported by Ganther et al.
Total mercury analyses after 3 weeks feeding show
that dietary selenite increases mercury retention in
liver and spleen, regardless of how fed. The kidney
responded similarly to dietary methylmercury and
selenite but showed a reduction in mercury retention
when mercuric chloride was fed with selenite. Ob-
served differences in the mode of retention of
methylmercury and mercuric chloride include the
opposite effects of selenite upon retention in the
kidney, variations in distribution, and differences in
the tissue levels of mercury resulting from identical
dietary levels. While the major targets of HgCl2 are
liver and kidney, the highest levels of mercury found
in methylmercury-fed rats was in hair. An average of
1398 ppm mercury was found in the hair of rats fed
20 ppm methylmercury as opposed to 21.7 ppm
mercury in the hair of rats fed 40 ppm mercuric
chloride. With diets containing identical concentra-
tions of mercury, there was a greater resulting
concentration of mercury in liver, spleen, and testes
when it was fed as methylmercury, in contrast to a
greater mercury concentration in the kidney resulting
from dietary mercuric chloride. These observations
suggest that the mechanisms for retention of methyl-
mercury and mercuric chloride are not identical and,
as a necessary corollary, that the mercury retained in
methylmercury-fed animals is not merely the Hg+2
metabolite of CH3Hg+.

Phenobarbital Protection Against Methylmercury
Nephrotoxicity. BRUCE A. FOWLER, G. W.
LUCIER, M. D. FOLSOM and H. W. BROWN,
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National Institute of Environmental Health
Sciences, Research Triangle Park, North Carolina
27709, and P. MUSHAK, Department of Pathol-
ogy, School of Medicine, University of North
Carolina, Chapel Hill, North Carolina 27514.
It has been previously reported that long-term,

low-dose exposure to methylmercury produces
morphologic alterations in rat kidney proximal tubule
cells which are ameliorated by simultaneous exposure
to low levels of the pesticide dieldrin, an inducer of
microsomal enzyme activity. The present study was
initiated to evaluate the effects of microsomal
enzyme induction produced by sodium phenobarbital
on renal mercury levels and ultrastructural changes in
kidneys of animals ingesting low levels of methylmer-
cury for extended time periods. Proximal tubule cells
of kidneys from male rats given 5.0 ppm of mercury
as methylmercury hydroxide (MMH) in the drinking
water for 4 weeks were observed by electron micro-
scopy to contain swollen mitochondria and dense
granular cytosomes. These cytosomes were subse-
quently shown to contain mercury when examined
with an energy-dispersive x-ray detector attached to a
scanning electron microscope. Tubule cells of animals
exposed to MMH but given weekly intraperitoneal
injections of sodium phenobarbital (75 mg/kg body
weight) did not show these changes to any marked
degree but did contain increased amounts of smooth
endoplasmic reticulum (SER). These observations
were correlated with decreased renal levels of methyl-
mercury and increased urinary levels of inorganic
mercury by phenobarbital treatment. The above
findings were correlated with decreased renal levels of
mercury in animals which received injections of
sodium phenobarbital. The above findings suggest
that phenobarbital reduced renal mercury levels
and attendant nephrotoxic effects by stimulating
the in vivo metabolism of methylmercury.

Biochemisty-Physiology
Methylmercury-Cholinesterase Interactions in Rats.

F. L. HASTINGS, Forestry Sciences Laboratory,
U. S. Forest Serpice, Research Triangle Park,
North Carolina 27709, and G. W. LUCIER and
R. KLEIN, National Institute of Environmental
Health Sciences, Research Triangle Park, North
Carolina 27709.

The interaction of methylmercury hydroxide
(MMH) and cholinesterases was studied in male and
female rats. Subcutaneous injections of MMH at
10 mg/kg for 2 days reduced the level of serum
cholinesterase (ChE) by 50% in both sexes, while
brain acetylcholinesterase was unaffected. The titer
of ChE was sex-associated, the females having higher
but more variable levels. Testosterone was adminis-

tered orally to control and MMH-treated females to
disrupt the normal estrus cycle. Testosterone, like
MMH, reduced the level of serum ChE and when
testosterone and MMH were administered together,
they reduced ChE additively. In a time-course
experiment a single dose of MMH (10 mg/kg)
reduced serum ChE levels when mercury levels
reached 22 Ag/ml. No effect on brain acetylcholines-
terase was observed; however, mercury levels
reached only 2.0 ,ug/g in brain tissue. The deter-
mination of Michaelis constants and maximum
velocity values for control and MMH-treated (1
mg/kg) animals indicated MMH reduced Vmax only.
The fact that no loss in ChE activity occurred when
MMH and control serum were incubated for several
minutes supports this finding. These studies indicate
that the role of MMH in reducing ChE activity is
indirect, possibly due to alterations in enzyme
synthesis or degradation rates.

Transmembrane Transport of Trace Elenments (Nickel
and Mercury). ARTHUR B. CHAUSMER and
ANTHONY V. COLUCCI, Bio-Environmental
Laboratory Branch, U. S. Environmental Protec-
tion Agency, National Environmental Research
Center, 7iangle Park, North Carolina 27711.
Studies of trace element metabolism have gained

increasing importance in the past few years. In-
creasing environmental contamination, from high-
energy fuel additives for example, has made the
understanding of physiology and metabolism of trace
elements assume a key role. Evidence for homestatic
mechanisms for a variety of trace elements, including
nickel, selenium, and others, is beginning to appear.
Further, many of the elements in excessive amounts
have been related to a large variety of pathologic
states. The studies to be presented here were under-
taken in an attempt to elucidate part of the physio-
logic control mechanisms in normal nickel metabo-
lism. As in studies with other cations, the rat liver
slice system was taken as a model because of its
relative homogeneity, availability, and lack of
specialized properties such as contractility or irritabil-
ity. Fractional transfer coefficients for nickel in the
control group were 0.184 + 0.0080 (SEM)/min and
0.0050 ± 0.0004 (SEM)/min for influx and efflux
coefficients, respectively. The equivalent transfer
coefficients for divalent mercury were 0.171 ±
0.0105 (SEM)/min and 0.0045 ± 0.0007 (SEM)/min,
respectively, and for methylmercury were 0.190 ±
0.132 (SEM)/min and 0.0035 ± 0.0006 (SEM)/min,
respectively. Neither of the mercury studies varied
significantly from the nickel data for either co-
efficient. Neither 5 mM iodoacetate or 10 mM
N-ethylmaleimide had any significant effect on either
influx or efflux of nickel in this system. In pre-
liminary studies, pulmonary alveolar macrophages
(PAMs) were maintained in tissue culture. The cell
were exposed to the appropriate radionuclide for 4-5
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hr. Aliquots at intervals were taken and the cells
washed and counted. Uptake was plotted as per cent
buffer counts/0.25 mg protein of washed cells. In
these studies, influx of nickel was found to be linear
over the first 4 hr, with a mean slope of 0.088 +
0.015 (SEM) and a mean least-squares-fit correlation
coefficient r = 0.959 ± 0.013. Influx of mercury was
considerably more difficult to interpret. The best fit
by least-squares analysis was a power function,
although an exponential function also gave an ac-
ceptable fit. This was true of both methylmercury
and inorganic mercuric ion. In all paired cases
divalent mercury was taken up to a much greater
extent and appeared more toxic on the basis of cell
counts and viabilities than methylmercury.

Studies on Vanadium Toxicity in the Rat. JEAN
JOHNSON and K. V. RAJAGOPALAN, Depart-
ment of Biochemistry, Duke University Medical
Center, Durham, North Carolina 27710, and
HARVEY J. COHEN, Division of Toxicology
and Pharmacology, National Institute of Environ-
mental Health Sciences, Research Triangle Park,
North Carolina 27709.
Toxicity to vanadium arising from environmental

exposure to the metal has been described in isolated
populations in various parts of the world. Nutritional
studies on plants and bacteria have shown that
vanadium inhibits the activities of the molybdenum
enzymes nitrogenase and nitrate reductase, pre-
sumably by acting as a competitive antagonist of
molybdenum. Xanthine oxidase, aldehyde oxidase,
and sulfite oxidase are the only known molybdenum-
containing enzymes present in animal tissues. Admin-
istration of vanadium to rats resulted in progressive
toxicity leading to death. The metal was found to
accumulate largely in the liver and in the kidney. The
presence of vanadium in the tissues was detected and
quantitated by electron paramagnetic resonance
spectroscopy and by colorimetric analysis. Even
under conditions of acute toxicity, when large
quantities of vanadium were present in the liver and
kidney, the molybdenum content of these tissues was
not decreased, nor were the activities of sulfite
oxidase and xanthine oxidase altered in any sys-
tematic manner. It can be concluded that vanadium
toxicity in animals is unrelated to antagonism with
molybdenum.

Characterization of Low Molecular Weight Metal
Binding Proteins. DENNIS WINGE and K. V.
RAJAGOPALAN, Department of Biochemistry,
Duke University Medical Center, Durham, North
Carolina 27710.
The effect of repeated intraperitoneal injections of

various metals on the accumulation of these metals in
the livers of rats has been investigated. Cadmium

administration led to the induction of a low molecu-
lar weight protein localized in the cellular super-
natant. Purification of this protein by Sephadex
column chromatography and subsequent analysis
revealed that this protein was metallothionein. Amino
acid analysis revealed a cysteine content of 28%.
Livers from rats not exposed to Cd do not appear to
contain metallothionein, whereas the hepatic content
of this protein is directly related to the dose of Cd.
Copper administration leads to a hepatic accumula-
tion which is paralleled by the induction of a low
molecular weight copper-binding protein. Administra-.
tion of either Cd or Cu results in a concomitant
hepatic accumulation of Zn. This accumulation
occurs presumably because of the affinity of the Cd-
and Cu-binding proteins for Zn as well.

Methylmercury-Induced Changes in Rat Liver Micro-
somes. G. W. LUCIER, B. A. FOWLER, and M. D.
FOLSOM, National Institute of Environmental
Health Sciences, Research Triangle Park, North
Carolina 27709, and P. MUSHAK and C.
WRATTEN, Department of Pathology, School of
Medicine, University of North Carolina, Chapel
Hill, North Carolina 27514.
Subcutaneous administrations of methylmercury

hydroxide (MMH) (2.5-10.0 mg/kg/day for 2 days;
total dose of 5.0 to 20.0 mg/kg) to male rats
decreased hepatic mixed function oxidase activity
and microsomal cytochrome P-450 content by
approximately 50%. Decreased mixed function
oxidase activity was apparently due to increased
degradation of the microsomal cytochromes as
measured by the fate of 3H-8-aminolevulinic acid.
Decreased mixed function oxidase activity was mani-
fested by decreased microsomal metabolism rates of
the carbamate pesticides, carbaryl and carbofuran.
Some other microsomal enzymes such as UDP
glucuronyltransferase, ,B-glucuronidase, and NADPH
cytochrome C reductase were unaffected by the
specified MMH dosage schedule. However, when
MMH was administered in the drinking water
(approximately 0.7 mg/kg/day for 30 days, total dose
of 21.0 mg/kg; or 1.0 mg/kg/day for 17 days, total
dose of 17.0 mg/kg), cytochrome P-450 content and
aminopyrine demethylation were decreased by only
20%. Rats exhibited no neurological symptoms nor
weight loss whether MMH was injected sub-
cutaneously or administered orally at the specified
dosages. Hepatic mercury levels were approximately
one-fifth as high when rats received MMH in the
drinking water over 30 days compared to when rats
received the equivalent dose via two subcutaneous
injections. In another set of experiments, we
attempted to correlate phenobarbital protection
against methylmercury-induced mitochondrial dam-
age in kidneys with possible MMH-induced changes in
oxidative phosphorylation rates. However, our results
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showed that MMH treatments which caused consider-
able mitochondrial damage to the terminal segments
of the proximal tubules as ascertained by ultra-
structural studies did not significantly change ADP-O,
state 3, or state 4 respiration.

Pharmacodynamic Aspects of Methylmercury Intoxi-
cation in Asymptomatic Adult Male Rats. P. E.
BRUBAKER, Molecular Biology Branch, Experi-
mental Biology Laboratory, National Environ-
mental Research Center, Environmental Protection
Agency, Research Triangle Park, North Carolina
27711, and R. KLEIN, S. P. HERMAN, and G. W.
LUCIER, National Institute of Environmental
Health Sciences, Research Triangle Park, North
Carolina 27709.

In the acute model of Minamata disease produced
in adult male rats by Klein et al., neutron activation
analysis of total organ homogenates from animals
treated with methylmercury hydroxide (MMH; 10
mg/kg/day for 7 days; subcutaneous injections) re-
vealed an organ mercury distribution pattem of
kidneys > liver > brain. This distribution pattern
remained constant over the entire latent period of
intoxication preceeding the appearance of neurolog-
ical signs of poisoning 24- 48 hr following treatment.
However, the percentage of the total administered
mercury present in these tissdes displayed organ-
specific changes with increasing dose. In animals
treated with one injection of MMH, approximately 9,
5, and 0.8% of the total dose was observed in the
kidneys, liver, and brain, respectively. The renal dose
percentage decreased to 5-6% following two injec-
tions (day 2) and with further treatment remained at
this value over the rest of the latent period. Con-
comitantly, hepatic dose percentage values progres-
sively increased with dose and reached levels twice
the initial value at the end of the seven day treatment
period. An apparent threshold effect was observed in
the brain. The dose percentage in the brain was
relatively constant (0.08- 0.09%) and independent of
dose during the first 3 days of treatment. However,
this value doubled (0.19- 0.20%) with two additional
injections (day 5) and was sustained at this increased
level with continued treatment during the remainder
of the latent period (day 7). Specific mercury levels
in the kidneys, liver, and brain were 259.7, 112.6, and
10.5 ppm (Ag/g tissue), respectively, at the end of the
latent period. These levels were consistent with other
models of acute methylmercury poisoning. Previous
reports have advanced the hypothesis that dis-
turbances in protein synthesis are a fundamental
aspect of alkylmercury intoxication. Patterns of
organ mercury distribution are discussed in this
regard, as are other structural and functional
anomalies observed in the three target organs prior to
the manifestation of neurological signs of poisoning.

EfHs on the Agncultural Ecosystem
Immobilization of Cd by Soil Microorganisms. A. G.
WOLLUM, School of Agriculture and Life
Sciences, North Carolina State University, Raleigh,
North Carolina 27607.
To determine the immobilization of Cd by soil

organisms, varying levels of Cd as CdCd2 or Cd(NO3 )2
were added to sterile and nonsterile soils. It was

found that only about 10% of the added Cd was

immobilized by soil microorganisms. Nitrate utiliza-
tion by organisms in Cd amended soils is not
influenced by levels of Cd to 100 ,ug/g soil but
seemed to be inhibited by Cd contents greater than
lOO,ug/g. In soil systems the amount of Cd incor-
porated appeared to be independent of both the
initial Cd levels and a supplemental energy source.

Studies of organisms isolated from Cd amended and
unamended soils indicated that each organism had its
own characteristic tolerance level to added Cd. These
tolerance levels ranged between 5 and 20 ,ug/ml. Only
10-15% of the isolates were capable of growth in the
presence of 25 ,ug/ml of Cd. Organisms that had
tolerance levels of 25 ,ug of Cd also had the ability to
incorporate Cd into their microbial plasm. In addi-
tion, about 10% of the isolates, while not utilizing the
added Cd, were stimulated in their growth by
quantities of Cd ranging from 5 to 15 Mug/ml of
culture solution.

The Evolution of Heavy Metal Tolerance in Natural
Plant Populations. JANIS ANTONOVICS, Depart-
ment of Botany, Duke University, Durham, North
Carolina 27706.

Studies with plants growing on mine waste
contaminated with heavy metals have shown that
these plants have evolved races or populations
tolerant to heavy metals. No species have been found
with an inherent tolerance to high levels of heavy
metal ions. The evolution can occur rapidly; tolerance
is metal specific and involves cellular resistance rather
than an exclusion mechanism. The implications of
this for less acute cases of metal toxicity and for land
reclamation will be discussed. In areas of lesser
toxicity similar processes probably occur, resulting in
increased entry of metals into ecosystems. Tolerant
races have also been shown to be of value in
revegetation of toxic areas.

Mercury and Cadmium Interaction with Nitrate
Absorption by Illuminated Corn Seedlings. R. J.
VOLK and W. A. JACKSON, Department of Soil
Science, School of Agriculture and Life Sciences,
North Carolina State University, Raleigh, North
Carolina 27607.

Exploratory experiments have been conducted to
examine the effects of Hg+ 2 and Cd+ 2 over a

June 1973 103



100-fold concentration range on the rate of NO3-
uptake by nitrate-depleted corn seedlings. Roots of
intact, 9-10-day-old plants were exposed for 9 hr to
NH4NO3 containing 95 atom-% 15N in the N03-
ion. Abosrption was measured at 30-min intervals by
determining loss of NO3- from solution by using a
specific nitrate reductase method. These corn seed-
lings exhibited the biphasic pattern of NO3- uptake
which is characteristic of nitrate-depleted plants. That
is, NO3- uptake proceeded at a slow but increasing
rate during the first several hours (the lag phase),
finally achieving a maximal rate (the accelerated
phase). Nitrate uptake during the accelerated phase
was depressed at all concentrations of Hg++ and Cd++
examined. The average depression caused by 10-6,
10-5, and 10-4M Hg+2 was 17%, 97%, and 100%
respectively, compared to the control (no Hg+2).
These same concentrations of Cd+2 inhibited NO3-
uptake 20%, 31%, and 85% respectively. From the
limited data available, it appears that a 10-fold higher
concentration of Cd++ than Hg++ was required for a
50% inhibition. This may reflect the lower affinity of
Cd++ for protein sulfhydryl groups. Measurements
taken during nitrogen absorption indicated that Cd++
had no effect on transpiration and that Hg+2 was
detrimental (30% depression) only at the highest
concentration, 1 0-4M. At the two highest Hg+2
concentrations, efflux of both K+ and ultraviolet-
absorbing compounds (unidentified) from the root
tissue was noted. This could be accounted for either
by (a) an inhibition of active ion uptake, passive
diffusion out of root cells remaining unaltered, or (b)
a more direct effect of Hg+2 on the plasmalemma,
modifying the basic membrane structure to a more
"leaky" configuration.

Physiological Effects of Mercury in the Domestic
Chicken. C. R. PARKHURST, L. A. COGBURN,
and P. THAXTON, Department of Poultry
Science, North Carolina State University, Raleigh,
North Carolina 27607.
Mercury (Hg) at the level of 250 ppm in the

drinking water of young cockerels caused several
physiological changes. The growth, livability, and
feed and water efficiencies of the birds were de-
creased markedly. The relative weights of the heart
and adrenal glands were increased after 5 weeks of
treatment. At this same time the relative weights of
the liver, spleen, and bursa of Fabricius were de-
creased. After 5 and 14 weeks of continuous
treatment the relative total testes weights remained
unchanged, although inhibition of maturation of the
testes was observed following 16 weeks of treatment.
A depression of the circulating levels of hemag-
glutinins to sheep erythrocytes as well as agglutinins
to a Salmonella pullorum antigen was noted. How-
ever, the plasma levels of glucose, protein, total lipid,
cholesterol, uric acid, and hemoglobin as well as
blood pH were not changed. Several hematologic

changes occurred. The hematocrit and total
erythrocyte number increased, while the total
leucocyte number decreased. The absolute number of
lymphoctyes decreased and concomitantly the abso-
lute number of heterophils increased. No consistent
changes in the absolute numbers of monocytes,
basophils, or eosinophils were found. These data
suggest that in the domestic fowl dietary Hg causes a
systemic toxicity which is characterized by several
interrelated physiological alterations.

Reproductive Dysfunction and Abnormal Mating
Behavior of Japanese Quail as Caused by Mercury.
P. THAXTON, C. R. PARKHURST, and L. A.
COGBURN, Department of Poultry Science,
North Carolina State University, Raleigh, North
Carolina 27607.
Japanese quail were reared in colony cages for 5

weeks and thereafter in mating cages. Mercury (Hg) in
the form of HgCl2 was added to tap water at the level
of 125 ppm. This level of Hg was available ad libitum
from hatching until termination of the experiments at
8 weeks. The number of mating attempts was reduced
significantly among the groups composed of either
Hg-treated females or males. The reproductive ef-
ficiency of the Hg-treated females was reduced
drastically, as evidenced by a reduction in the per
cent fertile eggs and per cent hatch of all eggs laid.
The first egg was laid and 50% production was
recorded in the control females during week 6. The
first egg was recorded during week 7 in the Hg-treated
females, and their maximum rate of egg production
reached only 25%. The mean number of ova per
female which showed initiation of rapid growth in the
Hg-treated females at necropsy was 2.39 as compared
to 6.97 in the controls. The mean relative testes
weight of the Hg-treated males was 5.88 g-% as
compared to 16.85 g-% in the controls. Histological
examination indicated that the testes of the Hg-
treated males possessed fewer spermatogonia, primary
and secondary spermatocytes, and spermatids than
the testes of the controls. However, the testes of both
the Hg-treated and control quail appeared to contain
normal components of interstitial cells. The data of
this study demonstrate that the reproductive dis-
advantages caused by Hg in birds are not relegated
entirely to the female. Additionally, the loss of
reproductive efficiency in both sexes may be cor-
related directly to a diminution in their normal
mating behavior.

Reversal of Selenium Toxicity in Chicks by Mercury
and Cadmium. C. H. HILL, Department ofPoultry
Science, North Carolina State University, Raleigh,
North Carolina 2 7607.
Chicks fed selenium as SeO2 in their diet at levels

of 10, 20, and 40 ppm grew progressively more
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slowly than control chicks receiving the same feed
without selenium. At 3 weeks of age, growth was
negligible in those chicks receiving 40 ppm Se.
Mercury as HgCl2 at 500 ppm in this diet also
decreased growth significantly. The combination of
40 ppm Se and 500 ppm Hg in the diet, however,
resulted in very little growth retardation indicating
that Hg counteracted Se toxicity. Further studies
showed that this interaction occurred when mercury
was present in equimolar amounts to selenium but
the effect diminished when the molar ratio of
mercury to selenium was less than 1. The effect of Hg
on Se toxicity was shared by Cu and to some extent
by Cd. A Hg-Se compound, probably HgSeO3, was
prepared and found to be relatively nontoxic when
fed in amounts that supplied 10 and 20 ppm Se. This
compound may form in the digestive tract or body of
the chick, thereby greatly reducing the toxicity of Se.

Feed Additive Copper and Zinc Investories for Swine
Waste Management Altematives. F. J. HUMENIK,
J. W. GILLIAM, and M. R. OVERCASH, Depart-
ment of Biological and Agricultural Engineering
and Soil Science, North Carolina State University,
Raleigh, North Carolina 27607.
The swine-growing center utilized for sample

collection is a confinement facility in which the
concrete floors were washed daily. This experimental
station initially consisted of one housing unit for
about 100 animals with a 5-ft deep unaerated pond or
lagoon for the collection and treatment of waste-
water. After an identical housing unit and lagoon
were added during the course of this study, the
lagoons were operated in series with all the waste

being discharged to the old lagoon and overflow going
to the new lagoon. Heavy metal inventories have been
made to trace the fate of feed additive copper and
zinc for this animal production-waste management
system. The feed ration contained about 138 ppm of
copper and 100 ppm of zinc. Concentrations of these
metals in the swine feces, wastewater input to the
primary lagoon, and primary and secondary lagoon
liquid and bottom sludge have been determined. The
primary lagoon, which has been in operation about
11 years, has a sludge depth of about 2 ft at the
inlet and outlet and 1 ft elsewhere, with copper and
zinc concentrations increasing to about 1500 and
3000 ppm, respectively. Effluent from the primary
lagoon has been applied to lysimeters exposed to
natural conditions consisting of typical Coastal Plains
and Piedmont soil. Lysimeter soil data evidenced
some accumulation of nitrogen, progressive increases
in phosphorus, sodium, potassium, and calcium and a
slow buildup of copper and zinc. Comparison of
cover grass data with information on the elemental
composition of grass showed a three- to sevenfold
increase in copper to about 15 to 50 ppm. The level
of grass copper could not be significantly reduced by
washing prior to drying and analysis. Although
lagoons can serve as heavy metal traps prior to
terminal land disposal, long-term interests required
consideration of lagoon performance and disposal of
accumulated solids and excess liquid. The economical
benefit of copper or other medicinals that may
present health or environmental hazards should be
critically compared with the additional costs required
for waste management techniques necessary for the
safe utilization, treatment, or disposal of such
amended wastes.
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